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TECHNICAL NOTE NO. 1758

PROPERTIES OF 19-9DL ALLOY BAR. STOCK AT 1200° F

By J. W. Freeman, E. E. Reynolds
D. N. Frey, and A. E. White

SUMMARY

A test program was conducted to provide data at 1200° F for 19-9DL
alloy bar stock in three typlcal conditions of treatment. These were
the hot-rolled, hot-cold-rolled, and solution-treated conditions. A
stress rellef at 1200° F prior to testing was applied to all samples.
The properties reported include tenslile data at room temperature and
tensile, rupture, creep, total-deformation, and stability test data at
1200° F. The results of three creep tests at 1350° F on hot-rolled
stock are also glven.

The highest strengths at 1200° F for short time periods and high
stresses were shown by the hot-cold-worked stock. The solution treat-
ment was best for long time periods and low stresses. The as-rolled
material was Intermediate. These findings were normal for the three
types of treatment.

Variatlions in properties can result from varying the conditions of
a type of treatment with the result that, under commercial production
conditions, such products as forged discs, sheet, or bar stock frequently
have properties appreciably lower or higher than those reported. Those
treatments which produce maximum strength at high temperatures may not
properly develop other properties, such as corrosion resistance or
ductility, necessary for certain applications and 1t may be necessary to
sacrifice strength at high temperatures In order to obtain them.

The properties were found to agree with the theory that strength
is dependent on the composition, size, and dispersion of precipitated
particles together with the strain hardening from cold-work and struc-
tural stabllity. The treatments used In preparing the test stock
apparently controlled the properties by changlng these characteristics.

INTRODUCTION

The properties of alloys sultable for the components of gaes turbines
operating at high temperatures vary considerably, depending on their
prior treatment end the service conditions. The large number of
variables involved usually makes the data from most investigations of
such alloys incomplete. For this reason an investlgation was undertakcn
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to obtain reasonably complete data for typical bar stock of 19-9DL alloy.
The investigation involved considerably more than data collecting because
it was intended to, and does, show the relatlonship between processing
of a good heat-resistant alloy and the relatlive properties as a function
of time, stress, strain rate, and total deformation.

The typical conditions of processing of the test material selected
were (1) hot-rolled, (2) hot-cold-rolled at 1200° F to & minimm 0.02-
percent-offset yield strength of 80,000 psi, and (3) solution-treated.
A1l three materials were stress-re]ieved at 1200° F. Sufficient data
were obtalned at 1200° F for design curves in the form of stress against
time for total deformation for deformations of 0.1, 0.2, 0.5, and 1 per-
cent for time periods up to 2000 hours. Additional data from Tensile,
rupture, and creep tests supplemented the design curves. A limited
amount of data at 1350° F was also obtained.

The experimental work was conducted at the University of Michigan
under the sponsorshlp and with the flnanclal assistance of the National
Advisory Committee for Aeromautics. The test materials were furnished
gratis by the Universal-Cyclops Steel Corporation. In addition, this
company contributed a considerable amount of the required data for hot-
rolled bar stock from privately sponsored work.

!

TEST MATERTALS

The bar stock used for tests was from two heats. The description
of processing furnished by the menufacturer is sumarized as follows:

\

Manufacturer:

The Universal-Cyclops Steel Corporation

Chemical composition, percent:

Heat

mmber ¢ Mo S1 COr FL Mo W Cb T4 X 8§ P
W163 0.30 0.85 0.67 18.88 9.31 1.25 118 0.33 0.19 0.025 —==-= —===-=
B1ok29 .33 1.14 .65 19.10 9.05 1.35 1.1k .35 .16 -=---- 0.015 0.016

Fabrication procedure:

The stock from heat N163 was furnished as hot-rolled %-inch round -

cornered square bars. These had been stress-relieved 1 hour at
1200° F and air-cooled.
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Two -g--mch round-cornered square bars from heat B10429 were

submitted. Bar 1 was hot-rolled with a finishing témperature of
about 1900° F. Bar 2 was finlshed at 1650° F and stress-relieved
for 1 hour at 1200° F.

EXPERTMENTAT, PROCEDURE

Bar stock from heat N163 was available as hot-rolled material, and
a considerable amount of the required date had been established in work
gponsored by the Universal-Cyclops Steel Corporation. This stock,
together with their data, was furnished for this Investigation.

Bar 1 from heat B10429 was heated to 2100° F for 1 hour, air-cooled,
and then reheated to 1200° F for 1 hour to provide samples of solution-
treated stock.

The hot-cold-worked bar stock was obtalned by rolling bar 2 from
heat B104k29 at 1200° F. The actual reduction in cross-sectional area
was 20.2 percent. These bars were stress-relieved for 1 hour at 1200° F.

The testing program consisted of the following:

(1) Short-time temsile tests at Toom temperature and 1200° F

(2) Rupture tests up to 2000-hour duration at 1200° F

(3) Sufficient creep tests at 1200° F to provide curves of stress .
agalnst time for total deformation up to 2000-hour duration and ranging

from 0.l-percent total deformation to rupture

Also three creep tests on hot-rolled stock were completed at 1350° F.

RESULTS

Physical Properties

The physical properties, in teble I, varied as would be expected
for the three types of treatment. The 0.02-percent-offset yield
strengths at room temperature varied from 26,500 to 100,000 psi with the
solution treatment producing the lowest and hot-cold-work the higheat
strength.

The hot-rolled stock from heat N163 hed intermediate strength
properties. It wlll be noted, however, that the presumably equivalent
hot-rolled stock, from heat B10L29, used for the hot-cold-worked bar,
had considerably higher hardness and strength in the as-rolled condition.
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Rupture Test Characteristics

The relative rupture strengths of the bar stocks at 1200° F varied
depending on their treatment .and the time periods comsidered. (See
table IT and fig. 1.) For time periods up to approximately 2000 hours
the hot-cold-working treatment developed the highest etrength; the hot-
rolled material was Intermediate; and the solution-treated, weakest.
Extrapolation of the curves of stress against rupture time to 10,000
hours indicates that the hot-rolled and solution-treated stock would
have equal rupture strengbths of about 29,000 psi and the hot-cold-
worked material would be about 6000 psi lower.

The hot-rolied stock had the highest elongation and reduction of
area in the rupture tests; the hot-cold-worked material was lowest; and
the solution-treated stock was Intermediate. Although the rupture test
ductility after hot-cold-working was low, it increased with tims for
rupture.

Time -Deformation Characteristics

Curves showing the relationship between stress and time for varilous
total deformations for the three types of bar stock are glven in
figures 2 to 5. The data for these curves, summarized in tables IIT
to V, were taken from time-elongation curves from creep tests and
rupture tests. .

The comparative total-deformatlion characteristics after the three
types of treatment are summarized in teble VI and figure 6.

In general, the lower the total deformation or the longer the time
Period conslidered, the less dilfference there was between the three
conditions. The shorter the time period end the higher the total
deformation conslidered, the greater was the superiority shown by the
hot-cold-rolied bar s'bock- The hot-rolled material was Intermediate in
this respect. One important reason for thils was that these two materials
had higher yield strengths and could support higher stresses than the
golution-treated stock without excessive yielding.

Because of the wide difference in total-deformation characteristics
of the creep and rupture tests, the total-deformation curves for the hot-
rolled material are not as complete as would be desirable. This was
caused by the rupture test stresses being at or above, while the creep
tests were at stresses well below, the proportional 1imit.

The same situation existed for the tests on the solutlon-treated
stock, except that some of the creep tests were also above the propor-
tional limit. The initial deformation during the rupture tests was so
rapid and extensive that the extensometer used could not measure it.
The stress-strain curves for the tenslle tests indicate, however, that
even the 32,500 psi test exceeded 2-percent initial deformation. The
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total-deformation curves underwent a double inflectlon between about

70 and TOO hours.. (See fig. 4.) Thils was the result of similar inflec-
tions of the time-elongation curves during the creep tests caused by a
decrease in specimen length during the early portions of the tests.
Presumably the decrease occurred as a result of a volume contraction
accompanying precipitation. ‘

The hot-rolled specimens also underwent a volume decrease during
creep testing at 1200° F, but the data are not complete enough to show
definitely the inflections in the total-deformation curves. This volume
decrease was not observed in the hot-cold-worked specimens.

Somewhat erratic results were obtalned from the tests on the hot-
cold-worked specimens. In addlition the rate of creep did not decrease
with time to the same degree as the other two conditions, with the
result that the total-deformation curves had a steeper slope. Same of
the time-elongatlon curves for rupture tests were discarded because of
excessive creep in threads and adapters. The data shown, however, were
obtalned with precision extensomsters and are not subJect to error from
this source- '

Only three creep tests were conducted at 1350° F on the hot-rolled
material. The total-deformation strengths were quite low, and third-
stage creep occurred at relatively low stresses and short time periods.
In fact, the transition time was more dependent on time at 1350° F than
on stress. (See fig. 3.)

Creep Characteristics

The creep rates measured from the time-elongation curves of the
creep and rupture tests are summarized in table VIIL. In all the creep
tests, except those at 1350° F on the hot-rolled stock, the creep rates
decreased with time of testing. Minimum rates and time of transition
to third-stage creep are shown for the rupture tests.

The usual logaritimlc curves of stress against creep rate are
included as figure 7. The creep rates plotted are those at the end of
1000 'hours of testing or the minimm rates from rupture tests. The
creop strengths for rates of 0.00001 and 0.000L percent per hour as
defined by these curves are compared 1n table VITII. This table also
includes creep strengths for tests of 2000-hour duration, as estimated
from the fragmentary data from tests of this duration and the minimm
rates from rupture tests.

There was relatively little effect from treatment on the stress for
0.00001-percent-per-hour creep rate. There was only a slight increase
in this creep strength as measured by the lower rates at 2000 hours.
The indicated 0.0001l-percent-per-hour creep strength of the solution-
treated stock increased materially with time, so that after 2000 hours of
testing there was relatively little difference between the three
treatments.

e m s ——— e e — -



6 . NACA TN No., 1758

The creep strengths are frequently extrapolated for design purposes
on the basls that a rate of 0.00001 percent per hour is equivalent to
1 percent in 100,000 hours and 0.0001 percent per hour.is equivalent to
1 percent in 10,000 hours. Comparison of such extrapolations with the
extrapolated curves for transition to third-stage creep indicates that
only ‘the solution-treated bar-stock creep data can be safely extra-
polated. The hot-rolled material wouwld enter third-stage creep under
the creep-strength stress before 10,000 or 100,000 hours. Extrapolation
of creep strengths of hot-cold-worked materlal would be even less safe.

The data at 1350° F for hot-rolled stock were incomplete and
permnitted estimation of only the 0.000l-percent-per-hour creep strength.
The curve 1s of doubtful value for extrapolation purposes because the
available data suggest that transition to third-stage creep is more a
function of time than stress. Early third-stage creep could be expected
under a stress corresponding to the 0.0001-percent-per-hour creep
strength.

Stabllity Characterlstics

The hot-cold-worked bar stock tested at 1200° F and the hot-rolled
bar tested at 1350° F were the most unstable. The hot-rolled bar
tested at 1200° F was intermediate in this respect while the solution-
treated bar showed the least change in stability characteristics.

Tensile, impact, hardness, and metallographic tests at room
temperature all indicated varying degrees of structural instability
during testing of the three types of bar stock. All three materlals
lost ductility and impact strength, although the data in table IX do not
show any excessively low values. The solutlon-treated material was the
only one which did not show an appreciable increase in hardness during

testing.

The microstructures of the original test materlals and the
specimens after testing (figs. 8 to 11) also show structural instability.
The most promounced change occurred in the hot-rolled material subjected
to creep tests at 1350° F. Apparently a new constituent, the irregular
small clear grains in figure 9(b), formed during testing at 1350° F.
Considerable precipitation occurred during testing of the hot-rolled
and solution-treated stock at 1200° F. There was practically no change
In the appearance of the hot-cold-worked test material during testing
at 1200° F.

DISCUSSION OF RESULTS

The obJectives of this investigation were twofold. Properties were
to be obtained for three typical types of bar stock in order to clarify
the relative effects of different types of processing procedures.
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Metallurgical studles were to be made so as to develop an understanding
of the reasons for the changes in propertles when the processing condi-
tions are varied.

Properties of Bar Stock

The properties measured were limited to those commonly used to
appraise an alloy for service in gas turbines, particularly for the discs
of rotors. Therefore, the data include only the results of tensile tests
at room temperature a.nd of tensile, rupture, and creep tests at 1200° F.
Time-total-deformation curves plotted from the rupture and creep test
data will serve as a gulds in design. All the data are applicable to
the selection of the proper type of heat treatment and processing condi-
tions for different types of service.

It was recognized In selecting the types of bar stock to test that,
from a reproducibility standpoint, hot-rolled material could be guite
variable, depending on the rolling conditions. Hot-rolled stock was
selected as one of the types and hot-rolled material was hot-cold-
worked for another type because these conditions were most representative
of those actually used. Imsofar as possible, however, stock repre-
sentative of the usual hot-worked product was selected for the tests.

In general, the data show the tremnds to be expected from the three
types of treatment:

(1) A solution treatment produces the best properties for long
service at low strain rates (low stresses)

(2) Hot-cold-working produces high strengths for relatively short
time perlods at high strain rates (high stresses) with low ductility to
fracture in the rupture test

(3) Hot-rolled bar stock has intermediate properties

The data do not show the degree of variation to be expected from
normal variations in chemical composition, processing, and heat treat-
ment. In addition to the normal spread in data, additional differences
in properties are to be expected when the specified conditions of treat-
ment are changed. Such variations in treatment conditions may lead to
conslderable alternation of the actual strength of a fabricated part.
Forged discs and sheet, ‘or even bar stock, can and frequently do have
lower or higher properties than those obtained in the tests for this
report because the forging conditions, heat treastments, and degree of
hot-cold-work were changed or were not sultably controlled. under
commerclal production conditions. Comparative data for forged discs
have been published in references 1 and 2.

The data from this investigation can be used to approximate the
time period at which the different types of treatment produce superior
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properties for varlous straln rates. Speclfic cases may differ from
those reported, but the general trends are falrly well shown. The hot-
cold -worked stock tested probably 1s the least typical of its type of
processing of the three conditlions considered because the properties
before hot-cold-working indicate that considerable hot-cold-work had
occurred during hot-rolling.

From a practical standpoint, it should be recognized that properties
other than strength under tension may be of equal or even greater impor-
tance for some service conditions. Such factors as corrosion resisteance,
forming characteristics, thermal shock resistance, and freedom from
intergranular precipitation may be of greater importance than strength.
It therefore follows that although it may be possible to select a treat-
ment which will give the highest rupture or total-deformation strength
such a treatment may introduce other characteristics which would pro-
hibit the use of the material In some applications. In fact, it is
conceivable that it might be desirable under some cornditions to sacrifice
a conglderable amount of strength to obtain, for instance, freedom from
intergranular precipitation during service by precipitating and
agglomerating excess constituents.

The creep data at 1200° F revealed characteristics of 19-9DL alloy
which may be important:

(1) The volume tends to decrease in the solution-treated and hot-
rolled conditions during the first 200 or 300 hours at 1200° F.

(2) The volume decreases obscure the characteristics of stress
agalnst creep rate of tests of short duration at low stresses. Tests of
sufficient duration apparently reach the point where secondary creep 1is
the controlling factor, although there appears to be a period when the
volume change ceases to be effective whers fairly rapid creep occurs.

(3) Solution-treated material has a very long period of decreasing
creep (first-stage or primary creep) rate but eventually reaches, a point
where 1ts creep rates are lower under a given stress than those for hot-
rolled or hot-cold-worked conditions. This effect is sufficient to glve
erroneous, but conservative, creep characteristics from tests of 1000-
hour duration; even 2000-hour tests had apparently not established
minimm creep rates. The effect of tims is not so great under high
gtresses so that for relatively short-time tests the rupture character-
istice may be a better criterion of expected performance of the alloy
than the creep rates under low stresses.

Metallurgical Characteristics
Experience with the test properties of 19-9DL and other high-

gtrength alloys seems to indicate that the properties at different time
periods and temperatures are apparently a function of  the size and
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dispersion of precipitated particles end of strain hardening. Some
possible generalizations, concernsd with the Influence of these phenomena
on properties, are as follows: )

(1) An effective sqlutlon treatment produces the highest strengths
for time periods in excess of 2000 to 10,000 hours at 1200° F. The time
period for superilority after this treatment decreases wlth increasing
‘temperature so that at temperatures above 1350° F the solution-treated
condition will give the highest rupture and creep properties except for
very short tlime perlods.

The outstanding properties of solution-treated materisl are appar-
ently the result of the precipitation of the most effective size and
dispersion of particles of excess constltuents 1n a gtable form during

teBting. -

(2) Any treatment which Introduces cold-work results in g structural
instabllity at temperaturss of 1200° F and higher. The strengths at
short time periods may be high, but the structural instabllity causes
rapld agglomeration of excess constltuents and possibly other structural
changes which will result in loss in strength.

(3) Hot-worked materials can be quite varisble in their charac-
teristics, depending on the conditions of hot-working. An effective
solution treatment during hegting for hot-working followed by & high
Pinishing temperature with fairly rapld coollng produces a material
gimilar to that of a solution treatment. A low finishing tempsrature
during hot-working will produce propertles characteristic of hot-cold-
worked materlal discussed in the next sectlon.

In addition, 1t 1s poasible that agglomeration of excess constltu-
ents can occur when thers 1s conslderable reduction at temperatures
above sbout 1400C F. Reheating for hot-working under conditions which
do not effectively dissolve precipltated constlituents also does the sams
thing. Such materials are characterized by Intermedlate to low strength
and high ductility in the rupture test.

(4) Hot-cold-work produces a material which ccmbines the effects of
cold-work and precipiltation. The actual propertles depend on the témper-
ature of working, the degree of reductlon at these temperatures, and the
initlal condition of the materlial before hot-cold-work. A wide range in
properties is therefore possible. All the possibilities are not known.
It does appear, however, that the.following trends are Justified:

() An effective prior solution treatment together with
15 to 20 percent reduction at 1200° to 1400° F produces the highest
possible rupture strengths at 1200° F for time periods up to
2000 to 10,000 hours. Such materials have low elongation in the
rupture test. . *
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(b) Hot-cold-working materlals with previously precipitated
excess constituents will result in lower strengths and higher
elongation in the rupture tests. Such conditions can occur when
hot -worked material l1s hot-cold-worked.

(c) The time period over which superior strengths are retained
by hot-cold -worked material decreases with Increasing temperature
above 1200° F so that 1little or no superiority exists sbove about
1350° F. This loss in strength is presumably due to .the structural
instability caused by the cold-work and possibly an unstable size,
composltlion, and dispersion of precipitates.

(4) Apparently the hot-cold-work does not improve strength at
low strain rates, even at 12000 F.

The materials studied in this investigation fit into the preceding
generglizations In the following mammer:

(1) The hot-rolled stock from heat W163 apparently approximated a
solution-treated condition with a small emownt of hot-cold-work. Conse-
quently the strength at 1200° ¥ was somewhat higher than the solution-
treated materlal and the stabllity was nearly as good as the solution-
treated stock. The ductility in the rupture test was low as a result of
the hot-cold-work on effectively solution-treated material.

The hot-rolled material from heat B1O429 used for hot-cold-rolling
and for the creep tests at 1350° F was simllar to that from heat N163
except that it was hot-cold-worked to-a considerably greater extent
during hot-rolling. Strain hardening from this hot-cold-work probably
accounts for the structural instability at 1350° F. The degree of hot-
cold-work, as indicated by the propertles, seemed to be considerably
more than would be anticipated from the reported hot-rolling conditions.

(2) The solution-treated stock tested was normal for a material
with an effective solution treetment at a temperature low enough to pre-
vent excessive graln growth.

(3) The hot-cold-worked material is difficult to analyze because it
represents a severe degree of hot-cold-work at 1200° F applied to a
material already quite severely hot-cold-worked during hot-rolling. The
high strength at short time periods at 1200° F, the high yield strengths,
and the low ductility in the rupture test are representative of a
material severely hot-cold-worked after a fairly effective solution
treatment. .

The structural changes occurring during the tests cannot be ade-
quately explained. Certainly preciplitation and agglomeration of excess
constituents occur. In addition, the material creep tested at 1350° F
shows evidence of a structural change, which has not yet heen properly
identified. It probably is, however, comnected -with the formation of
ferrite-sigma phases. An alloy with an analysis of the type considered
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is structurally on the border line for the coexistence of asustenite and
ferrite-sigma phases.

CONCLUSIONS

From & study of the temsile, rupture, creep, and total-deformation
characteristics at 1200° F for hot-rolled, hot-rolled and hot-cold-
worked, and solution-treated 19-9DL alloy bar stock, the following
conclusions were made:

1. The properties obtained wers qulte typical for the three types
of bar stock in that

a. Hot-cold-work produced the highest strengths in rupture and
creep tests under high stresses and the more raplid strain rates
conslidered. This superiority decreased with both time and strain
rate so that the hot-rolled and solutlon-treated materials had
better properties at the longer time perlods and lower strain
rates. The bar stock tested had properties characteristic of
oeffectively solution-treated and hot-cold-worked stock.

b. The solution-treated material had the best strengths at
time periods longer than several thousand hours.

¢. The hot-rolled material was intermediate in its charac-
teristics. Its properties were characteristic of material effec-
tively solution-treated and slightly hot-cold-worked.

2. The data were analyzed, and it was recognized that, while quite
typlcal, consilderation was not given to variations to be expected from
normal chemical composition and production conditlions. Iikewise, the
data do not show the greater varlation to be expected from deliberately
changing the hot-rolling conditions, the temperature and degree of hot-
cold-work, or the solution-treating temperatures.

Commercial products such as forged discs, sheet, @nd bar stock are
frequently made under conditions different from those used on the experi-
mental bar stock of this investigation and, consequently, the properties
frequently may be lower and less frequently higher than those reported
for the "typical" stock tested. °

3. The effect of time and strain rate on properties Indicates that
the optimm treatment for any particular application depends on the
sexrvice conditions. It is also important to consider the possibility
that other properties than load-carrying ability under tension may be of
major importance in determining the optimm treatment for the alloy.

4., The data seem to agree with the theory that the strength of the
alloy is.a fumction of the size and dlspersion of precipitated particles
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together with the amount of cold-work. ZILoss of strength of hot-cold-
worked materials at prolonged time perlods seems to be caused by struc-
tural instability due to cold-work, resulting in agglomeration of excess
congtituents and posslibly other structural changes. This structural
instability 1s increased with increasing temperatures.

University of Michigan
Ann Arbor, Mich., June 30, 1947
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TABLE I

PEYSTQAL PROPERTIES OF 19-9DL ALIOY BAR BTOCK

- Teat Offsst yisld strength Propor-
Prooessing end teoper- | Tenaile (pet) tianal | Elongaticn | Bednotlon | pping1l | Young's
heat treatment ature B'ﬂﬂﬂ?“-h imit | A0 2 in. | of ared | pariness| modnlus
(°7) (psi 0.02 pervent | 0.10 percent | 0.20 percemt | (pal) (percent} | (peroent)
Boat W163 - Room | 118,250 ,000 66,000 69,000 koo | 58.0 gh.g 216 | 29.3 x 106
Bot-rolled end Room 115;730 4000 63,500 66, 37,500 5h.5 56. 213 29.5
strees-relisved
at 1200° ¥ 1800 TH,2%0 | meamee- 38,000 k1,000 20,000 30.5 30.8 - | 21.%
1800 75,000 | =mmmmm- 36,500 36,000 22,500 |  33.3 33.7 - |20
Hoat B10429 - Boon 131,500 75,000 86,500 %,500 ,000 31.5 I 4 Zg. 29
Bar 2 hot-rolled Room 130, %00 66,000 82,500 %500 , 500 22,0 i5.4 29
finiehed mt 1630° T,
and stresa-relieved 1200 76,500 | wememee 53,500 57,700 20,500 26,0 ha.3 --- | 19.5
ab 12000 F
Heat Bioke - Boom 101,730 23,000 5500 1,500 15,000 52,5 58.2 186 | 30.5
Bot-rollsd, finished | Boom 102,950 30,000 4500 143,000 20,000 5h.0 5746 1B | ----
at 19000 ¥, heated
1 hr at T, and | 1200 67,400 |  ==mmee- 23,000 ok %00 7,500 35.9 37.9 S ="
air-coolsd) stress- 1200 s e 23,000 25,000 7,500 35.0 3%.0 - |2
relieved at 1200° F
for 1 hr
Hsat BIO4OG - . Roam 152,500 97,500 118,500 121,000 72,500 2.5 4.0 321 gg
Bar 2 hot-rollsd Room 1%5, 900 103,000 123,000 129,000 75,000 2k.o k3.5 335
Pintiahed at 16500 T
end stregs-relieved 1200 98,628 |  —mmeeu- 83,%00 88,000 32,500 13.9 30.8 -—— |21
at 1200° F} redumced 1200 98,400 |  ------- 84,000 88,000 30,000 12.0 £3.7 --- | 20.5
20 percsnt at 12000 F
and stress-rellisved
at 1200° F for 1 hr

iT

. QCLT °‘ON MI VOVNM
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TABLE IT

RUPTURE TEST CHARACTERISTICS OF 19-9DL ALLIOY BAR STOCK

AT 12000 F
ture Reductio:
Processing and heat Stress th?.me Elongation of a.re:.n
treatment (psi) (br) (percent) (percent)
Hot-rolled and stress- | 48,000 68 17 18.8
relieved 5,000 199 15 28.0
40,000 498 1.5 19.0
37,000 1111 1y . 29.5
Heated 1 hr at 2100° F, | 45,000 6 . 10 1k.0
air-cooled, and stress- | 40,000 180° 19 25.6
relieved . 36,000 693 30 33.5
32,500 2069 10 17.8
Hot-rolled, stress- 60,000 36 2 1.2
relieved, hot-cold- 55,000 123 2 2.0
rolled 20 percent at 50,000 157 2 k.o
1200° F, and stress- 46,000 k2o 2 2.7
relieved 5,000 605 2.5 3.2
L4o,000 843 2.5 k.2
40,000 971 4 1.6
36,000 978 3 6.1
35,000 1406 L 6.2
35,000 | 1754 3.5 1.0
Rupture strength
Stress (psi) for rupture in -
Processing and heat
t t 10 .
roatmen 100 hr | 1000 hr | 2000 hr ’%’S b
Hot-rolled and stress- 48,000 | 37,000 34,500 29,000
relieved
Heated 1 hr at 2100° F, k2,500 34,500 32,500 - 29,000
alr-cooled, and stress-
relieved
Hot-rolled, stress- 54,500 | 39,000 33,000 23,000
rellieved, hot-cold- .
rolled 20 percent at
1200° ¥, and stress-
relieved

lEstimated. ?\NACA;
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DATA ON BIRESS AND TIME FOR TOTAL DEFORMATION FOR HOT-ROLLED

TABLE ITI

19-9D, ALLOY BAR STOOK

Transition to Rupture datae
Tenper- Initial Timo (br) for total third -stage oreep
Boat ature | BYOBS | gerormation deformations of - Rupture
nummber | (ox) | (951) | (percent) Time | Deformation | time | Elcngation
0.1 percent | 0.2 percent | 0.5 peroent | 1.0 percent | 1y} | (percent) (k) (porocent)
w163 1200 10,000 | 0.0507 | @ =-==--
1200 | 11,000 .0570 83000
1200 | 12,000 .062 235
1200 | 15,000 %g 27 82000
1200 17,500 . 2.5 ig
1200 | 20,000 02 [ meeel
1200 | 37,000 N - 13 T0 620 3.1 1117 k.0
1200 | ko,000 Y.< S IR - S 12 310 J.1 4o8 u.s
1200 | 45,000 4.0 | meeee- “—-- -—-- — 150 8 1% 15.0
1200 ,000 | mmmmee ] mmeeee -——- -—-- -—- -—- ——— 17.0
Blok2g | 1350 8,000 047 28 355 81890 -—-- 630 .06 ———- —-
1330 | 10,000 -035 17 165 873 -=-- 525 gg --=- ===
1330 | 12,000 -067 5 105 700 81100 500 . - ~—=

eratimated by oreep-data extrapolation.

.
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TABLE IV

DATA OF STRESS AND TIME FOR TOTAL DEFORMATION AT 1200° T

FOR SOLUTTION-TREATED 19-9DL ALLOY BAR STOCK

Tndtial Time (hr) for total Tm?';itionoxep Rupture data
Streas deformation deformations of - bhix tage Rupture
(pal) Elongstion
(porcent) Time | Doformaticn time
0.1 peroent | 0.2 percent | 0.5 percemnt | 1.0 percemt (k) ( ent) (r) {percent)
10,500 0.0480 1800
12,000 -0583 h25 853000
17s0s | lons 2 25 | e
20,000 .129 — 20 350 87000
25,000 .258 ———— ———- 0 Lizs
32,500 (b - ---- - ---- | 1300 - 2069 10.0
36,000 'bg -e-- - - ——=- 525 ~——- Ggg 30.0
40,000 bg - ———- - _—- 100 ——- 1 19.0
45,000 b - ———- - SRS - 80 10.0

Minimm time to reach indicated dsformation estimated by extrapolation of time-elongation curve. ‘

PThe yield point wae exceedsd during application of the strees and the -initial deformation counld not be measured 'b;cause of

sxcesslve ylelding. The strese-strain ourves from ths tensile tests showed that the deformation due to a streee

of 32,500 psi would be in exosse of 2 percemt.
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TABIE ¥

DATA ON STRESS ARD TIME FOR TOTAL IEFOBMATION AT 1200° ¥ FOR HOT-COLD-WOREED

19-GTL ALIOY BAR BTOCK

sty | o " o) e iriosagn orep [T
(pat) (poroent) 0.1 pexrcent | 0.2 percent | 0.5 percent | 1.0 percent I&?j Deé:?;zt?n %hjﬁ El(:op:;?;.:;:r)l

11,000 0.0611 520

15,000 0700 85 '

17,500 .0833 11 1730

20,000 0995 -——- =5

£5,000 .1200 -- 130

30,000 1580 - h 675

30,000 1615 3 1120

32,500 -1680 --- 2 5T

35,000 22 - ———- £95 1360 1000 0.8 1754 3.5

Lo, 000 .27 ——- —— 18 hos 625 1.12 971 4.0

Ls, 000 -37 --- ---- 10 30 550 1.25 605 2.5

8T
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TABLE VI

TIME -DEFORMATTON STRENGTHS AT 1200° F FOR 19-9DL BAR STOCK

Total Stress (psl) to cause totel deformaticn in -~
Treatment deformation
(percemt) 10 hr | 100 hr 1000 hr 2000 hr 19,000 hr
Hot-rolled 0.1 16,000 | 13,000 | 11,250 11,000 810,000
Solution-treated 1 16,000 | 15,000 | 11,000 | 10,000 88’ 600
Hot-cold ~worked. .1 17,500 | 14,500 9,500 8,000 8L, 500
" Hot-rolled 2| meeee 19,000 | 16,000 | 15,000 213000
Solution-treated .2 21,000 | 18,500 | 14,500 13,000 211,000
Hot-cold.-worked, .2 29,000 | 25,000 | 19,000 17,000 212,000
Hot-rolled 5 37,500 | 32,500 | ----=s | eeemne | emeas
Soluticn-treated 5 27,500 | 24,000 | 19,000 18,000 #16,000
Hot -cold -worked .5 5,000 38,000 30,000 27,000 220,000
Hot-rolled 1.0 41,000 | 36,000 [ =ms=-= | —mmeee | aemeee-
Solution-treated 1.0 29,500 | 28,000 { 23,500 22,500 820,000
Hot~-cold -worked 1.0 | eememe | maeees 36, 500 31,500 821,000
Hot-rolled Transition | c-ve-- 46,000 34,000 30,500 822, 500
Solution-treated Transition | -~----- 41,000 33,500 31,000 825,000
Hot-cold -worked Transition | =----= |  ====-- 35,000 27,000 811,000
aFgtimated. N
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TABLE VIT

OREEF TEST DATA FOR 19-9I4 ALIOY BAR STO0K

e ——

Tompax- Initdal Uroep mate Y at -
Treataent ature Btrecs Duration deformation (pexoeet firr!

) (pe1) (1) {perosut) =00 hr 1000 hr 18300 hr 2000 hr
Eot-rolled 1200 10,000 1040, 0.0507 0-0000@: 0.000009 ————— e
(Eset ML63) 11,000 2000 0870 . 00008k +000016 0.000013 0.000010
000 11%0 062 w 4000019 ——— ———
19,000 1060 076 . . SN P
0,000 % 12 .000083 3000072 ————an mmm————
,000 29 - —— _b.oo ——— | eieeee —
,000 310 .50 S S o e -
5,000 Sk k.0 —eammnnn 023 | meeeeee e
8clation- 1800 10,500 1670 040 00006 «000012 000008 ———
troated 12,000 2300 08 00010 000058 00002 000012
(Heat B1OK25) 15,000 1008 0'{12 00018 00010 ——— | ————
17,500 2608 0912 . 00012 000050 000030
20,000 1003 'ﬁ <000 L0001k | Ceememaa ——————
£5,000 1150 . . _b.uooj_g ..... _— ————
- 32,%500 21300 o .0016 00045 | meeee- - | emmm——
,000 Amox O - boogsw | —eme— - ———
,000 8100 o ————— P03k ———— ——
Bob-o0ld- 1800 11,000 1160 0611 000032 000009 ————— R
warkad ) 15,000 1060 «000033 000086 ammm—— ———
(Beat B1OkRG 17,%00 1861 0833 +0000%) 000036 ,000020 —_—-
20,000 100k 099% -000078 000094 e P
£3,000 1050 1200 -00011 00010 .. —
30,000 15 ;.Ego 00021 +00018 ——— ——--
30,000 100 «161% +0003L «0002T ————— —
32,500 1150 . 0003k h.OOO:’aD —— ——————
, 000 21000 -] -0004k -000k0 ————— cmamman
,000 ) 2T —_— 00006 —_— ] e
143,000 S5m0 «37 ———— +0013 ——— ——————
Bob-rollsd : 1350 lg,g % .-g; SR ':.amg S e —
12,000 2500 06T —_— . oooba e | e -

Cpirn of transiticon to third-gtege areep.

Dyntenm rate.

Cregts far abors ylald strength.
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TABLE VIII

CREEP STRENGTHS FOR 19-9DL ALIOY BAR STOCK

Creep strengths (psi) from tests at -

8pgtimated.

Tenper-
Treatment ature 0.00001 percent/hr | 0.0001 percent/hr
G — T
| 1000 hr | 2000 hr | 1000 hr | 2000 hr
F
Hot-rolled 1200 9,500 | 11,000 | 22,000 | 22,000
(Heat NW163) :
Solution- 1200 10,000 11,000 | 15,000 | %25,000
treated
(Heat B10L429)
Hot-cold- 1200 11,000 | 21k%,500 25,000 | 225,000
- worked
(Heat B10429)
Hot-rolled 1350 SRR [ 5,700 S
(Heat B10L29)
NA\C/é/-




TABLE IX

EF¥EOT OF OREEP TESTING AT 1200° AND 1350° P OF EHE PHYSIOAL PROPERTYES

AT ROOM YEMPERATURE OF 1G-G0L ALIGY BAR BTOOK

Teating conditions
Tenaile Offeet Fiog, Trensth Progor- | mloogatian | Roduotion | Inod drpast | .

Troatmnt | TEDOX- | o orons | Time | 7T rongsh lmty | 22 dm | of ares | streneid hartnens

?o},.u;'“ (pe1) | (mr) (al) |4 00 percent | 0.1 parcent | 0.2 percent | (pai) (2 ) | (poroemt) | (£-1b)
Hot-rolled | (1) ) | (1| 1,500 200 64,750 67,750 - | %o, 720 56.2 -7 62, 63 219
(N163) 1800 | 15,000 | 1060 | 111625 " 000 59,000 6,000 | 33,000 %3 e it -

1200 | 20,000 11830 | weccuun | mmmmman | wmemman | mmeemee [ ecae- ——— - 39, b 2h3
Hot-rolled [ (1) () [ ()] 131,000 70, 500 84,500 90,000 | 46,000 32.0 hs.0 3k, 3k 21k
(1okeg, 1330 10,0001 1075 | 127,875 k5,000 7,000 75,000 30,000 19.% £5.8 |  —e-e-- ——
bar 2) 1350 {12,000 | 1073 [ ==mmmmm | mmmmmmm | memmmem | memeeen | oeeees e mem= i1, 16 96
Solution- (1) (1) glg 102,3%0 £6, %00 37,000 ke 250 17,500 [ - 53.2 57.9 =8, 65 | 183
treated 1200 | 17,500 10h,000 38,000 Lo, %00 hg. =200 | 32,500 35.5 3.2 [ memme- _—

1e00 | £0,000 [ 1005 [ =------ mmmmmm | mmemeee [ mmmmem | emee- ——— -—-- L3, U7 196
Bot-cold- (1) {1) (1) | 1sk,200 100, 2%0 120, T50 125,000 73,70 2.2 k3.7 3, 3 325
worked P00 | 25,000 | 1050 | 159,875 95,000 110,000 19,000 | 7,%00 22.0 bl.g | eemm-- -

1200 | 30,000 | LI67 | -=-m-o- | emmeeme [ meemese | mmecoso ] eoaues ---- ---- 15, 18 359

loriginal waterial. W
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o 1 hr at 2100° F; air-cooled o
® Hot-rolled; 20-percent hot-cold-worked at 1200 ¥
(All three stress-relieved at 1200° F')

90,000 T
80,000 i
60,000 _Hot-cold-worked;.....% slone | 29,
! Hot-rolled T 2% )
.g EO,CDO i j '17& [ J — Z% I—J-B% 2
T —0 x iy SR 5% 5%
4 40 000 Solutlon-treated 10? _-‘-—-—om_ [ X e H 42 3% 3.5% elongation
i io% BT o Caa
. T\O
@ 2,000 ® %m
2000075 5 1 & & 100 2 4 & B 1000 2
Time, hr
Treatment
* Hot~rolied

Figure l.- Curves of stress against rupture time at 12000 F for 19-9DL, alloy bar stock.

QQLI *OF NI VOVH

€g



000!

50,0001 DTS ‘Lwi?% elongation| e Rupture test data
Transition to © Creep test data
third-stage creap \ 15% H  Extrapclated

~ \
~ \&/ Gtress-ruptura time
- ~ Pt
40 000 - X ac 11.5%
N — TN \\\
T e~ |0 Tt ell]ig N x| [T l4% elongation
), _;5%\ | e - - LS § .\
b - - !.‘_._ \ b
E. T ~
- .
7]
g 30,000 r
H
(%
20,000 S o
i 1] ]
10.000
T 2 4 @8 810 2 4 B8 8 100 2 4 6 81000 2 4 6 810,000
' Time, hr

Figure 2.- Curves of stress against time for total deformation at 1200° F for hot-rolled

bar stock of 19-9DL alloy,
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25,000
20,000
Transltion to
third-stage creep)
15,000 ~ SN
..\J)..‘&Js \\\\ 0 \X\\( ~'\ 0\18‘
ey -0,
10 000 "nr.__\o \ [% N
\\\\ ‘o.\ .x\ '%'
5,000 he Is
\
\ »
0 | I‘ [
1 2 4 g 8§ 10 2 4 8 8100 2 4 8 8 1000 4 & 810,000
Time, hr
Figure 3.~ Curves of stress against time for total deformation at 13500 F for hot-rolled

19-9DL alloy bar stock,
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50,000

40 000

10,000

: s Rupture test data
o Creep test data
. | 10% elongation ¥ Extrapolated
. .
[~
Trensition to
third-stage creep 5\.._ 19%H Stress-rupture time
Ty ~ \
~
NSl
i l':..\\u.
N1 > 10%
S~
Y
i N B ~
ST -4+ T~~~ |
1 i \
T ~tod ]
\\ -.-.-"\
T . —d N 0'5g . L -
i ol S —"“-\J . \“ - ‘._p
L -—--"-q 0-2% -.h'h--.._ "
-——\ [ —— “-——-.ﬂ__
“\\
| e e . e
\O-..,__.__ §‘p+
2 4 6 810 2 4 6 8 100 2 4 8 81,000 2 4 8 810,000
Time, hr

Figure 4.- Curves of stress against time for total deformation at 12000 F for solution-treated
19-9DL alloy bar stock.
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Stress, psi

N m——

et A

%000 | ™K 2% elongation ® Rupture test data
\\ 2% O Creep test data
NN ¢ Rupture time
N

50,000 >

[ .

\\\
~\hh‘“\
\\
0,000 B
m’mo =9 -""‘—-—._,___
20 000 |——
[ c—— — 0_
.
~o-%
\-

! oL

10,000 . - T~ “'«_\%m 7
. 1 L1
1 2 4 6 8 10 2 4 8 8 100 2 C 4 6 81,000 2 4 é 810,000
Time, hr

Figure 5.- Curves of stress against time for total deformation at 12000 F for hot-cold-worked
19-9DL alloy bar stock. .
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.00 N
0 i | |'_\I\\2l% (a)l ;tﬁeﬁs-rup-meﬁme.
- ~J
a o HoT~-«o1eT ;iIH_ L 2:% IMS
N ~ |55
§ 1“4\ ™~ e
2 10000 Solution-treated [T~ | 35| 2%’
" %% 12| TH \ﬁi%
3" 3. 5%
20 || P4 2
T 111
Y 1]
” i o N (b) Tranaition to third~
3 © Solution-treated|Ji ~N |m3°°r°ep'
a ‘\ RSED
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0,000 3 I-‘Iqll-chTo AN
50,000
SRR
N [ 1{e) I-percent totat
- 40,000 iy S > deformation.-
2 ~—] - N ]
g ‘<-153t\r°ued i Hot—cale ..lul' d
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1 2 4 8810 2 4 88100 3 4 681000 2 4 6 810000
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Figure 68.- Comparative total-deformation characteristics at 1200° F of
19-9D1, alloy bar stock.
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{oemet -
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Figure 7.- Stress-creep-rate curves for 18-9DL alloy bar stock. Rates shown are those at 1000
hours or'minimum rates if third-stage creep occurred.
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(b) Microstructure after creep testing at 12000 F for 1150 hours

under 20,000 psi.

Figure 8.- Microstructure of hot-rolled 19-9DL alloy bar stock (heat N163).
Aqua regia in glycerine etch. ) :
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_(b) Microstructure after creep testing at 13500 F for 987 hours

under 12,000 psi.

Figure 9.- Microstructure of hot-rolled 19-9DL alloy bar stock (heat B10429;
bar 2). Aqua regia in glycerine etch.
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F for 1005 hours

under 20,000 psi.

Intgerior - 1000X

pecimen; 2069 hours

32,500 psi.

Concluded,

Figure 10.-
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100X 1000x
(a) Original microstructure.

Figure 11.- Microstructure of hot-cold-worked 19-9DL alloy bar stock.
Aqua regia in glycerine etch.
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